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SPECIFICATION 

1. Title of the Invention 

Electron Beam Transmission Window 

2. Claims 

5 1. An electron beam transmission window comprising a self-supporting electron beam 
transmission film of which the principal constituent is carbon. 

2. The electron beam transmission window set forth in Claim 1, wherein said electron beam 
transmission film is a diamond-like carbon film or a diamond film. 

3. Detailed Description of the Invention 
10 Industrial field of utilisation 

The present invention relates to an electron beam transmission window of equipment that 
utilises an electron beam. 

Prior art 

Because an electron beam experiences large attenuation in air, utilisation of electron 
15 beams has hitherto been restricted to their use in a vacuum. For this reason, equipment that 
utilises an electron beam (for example, electron microscopes, electron beam exposure systems 
and electron beam length-measuring instruments) has required that specimens are dealt with in 
a high vacuum of at least 10"^ torr, and hence the working characteristics of such equipment 
have been extremely poor, with much time being needed to exchange and prepare specimens. 
20 However, techniques capable of dealing with specimens at atmospheric pressure are becoming 
essential in order to contribute to the ongoing development of fields such as medicine and 
biotechnology, where there is a need to observe intact biological microstructures. 
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Problems that tR^nvention will solve 

Hence in equipment which utilises an electron beam, if a window that is transparent to an 
electron beam is placed directly in front of a specimen so that only the extremely short gap 
between the specimen and the window is at atmospheric pressure, the equipment in question 
5 will be able to deal with the specimen at atmospheric pressure, with the result that 
manipulating the specimen becomes much easier and so the working characteristics of the 
equipment are improved. 

Nevertheless, in order to make such a set up feasible, it is necessary to have an electron 
beam transmission window which is sufficiently transparent to an electron beam and which 
10 also has the mechanical strength required to withstand the pressure difference between the two 
sides of the window. The same considerations naturally apply also to an electron beam 
transmission film for use in an electron beam transmission window. 

If the equipment that utilises an electron beam is for example an electron microscope, 
then in order to prevent a decrease in resolution, it is desirable for the electron beam 

15 transmission film to be homogeneous so as to avoid giving rise to unwanted scattering of the 
transmitted electron beam. In other words it is desirable for the electron beam transmission 
film to be amorphous or single-crystal. Furthermore, because most of the electron beam that 
does not pass through the electron beam transmission film is absorbed by the film and 
converted to heat, the electron beam transmission film has to have good heat dissipation 

20 properties - in other words, it has to have high thermal conductivity. 

Thin films of silicon carbide, boron nitride, etc. are considered to be materials which 
satisfy such requirements. However, these materials have not provided sufficient electron 
beam transmittance, mechanical strength, chemical stability and heat dissipation. 



25 having high electron beam transmittance and excellent heat dissipation properties, and which 
is mechanically strong and chemically stable. 

Means for solving problems 

To attain the foregoing object the present invention provides, as the material of the 
electron beam transmission window, a self-supporting electron beam transmission film of 
30 which the principal constituent is carbon. In particular, as a means for solving the aforesaid 
problems, the present invention uses a diamond-like carbon film or a diamond film. 



It is an object of the present invention to provide an electron beam transmission window 
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Working of the irivent'ion 



What is here termed an "electron beam transmission film of which the main constituent is 
carbon" designates a diamond film, a diamond-like carbon film, etc. 

A diamond film is formed by means of a process such as hot filament CVD, plasma CVD, 
combustion flame CVD, and electron beam CVD. 

"Diamond-like carbon film" is the general name for a range of carbon films variously 
called "diamond-like carbon", "hard carbon", "amorphous carbon" and "i-carbon". Diamond- 
like carbon is formed by means of a process such as CVD, plasma CVD, ion beam deposition, 
ion plating, and sputtering. 

Because films formed in these ways have a high Young's modulus and are mechanically 
strong, they are more resistant to deformation than thin films of silicon carbide, of boron 
nitride, etc., and provide a thiimer and larger window. 

Because diamond film and diamond-like carbon film offer intrinsically high electron 
beam transmittance, they are suitable as window materials for electron beam transmission 
windows. 

Embodiments 

FIG. 1 is a longitudinal sectional view of a first embodiment of the present invention, and 
depicts an electron beam transmission window wherein diamond-like carbon film 2 is 
supported by support frame 1. Diamond-like carbon film 2 was formed by RF plasma CVD. 

FIG. 2 is a longitudinal sectional view of a comparison with this first embodiment of the 
invention, and depicts an electron beam transmission window wherein boron nitride film 3 is 
supported by support fiame 1. The boron nitride film was formed by reduced-pressure CVD. 

This first embodiment and comparison example are compared below. Note that in both 
cases the film thickness was 3 ^im. 



Table 1 



Manufacturing temperature of electron beam transmission films 



Deposition temperature 



Diamond-like carbon film 100°C or below 



Boron nitride film 



400°C 



3 



Nikon Corporation 



TH\8 PAGE BLANK (MSPTo) 



XA1846 



Table 2 
Electron beam transmittance 





Transmittance 


Electron beam accelerating voltage 


30 kV 


20 kV 


10 kV 


Diamond-like carbon film 


95% 


91% 


76% 


Boron nitride film 


93% 


89% 


69% 



As will be seen from Table 1 and Table 2, an electron beam transmission film based on 
5 the present invention has a higher electron beam transmittance and can be formed at a lower 
temperature. Because the film deposition temperature is lower, not only is there a higher 
degree of fireedom in the selection of the substrate material (i.e., of the support firame 
material), but it is also possible to decrease the manufacturing cycle time. 

FIG. 3 is a longitudinal sectional view of a second embodiment of the present invention, 
10 and here an electron beam transmission film made from diamond-like carbon film 2 was 
formed on top of mesh-like support body 4. FIG. 4 is a longitudinal sectional view of a third 
embodiment of the present invention, and here reinforcing mesh 5 was formed on top of the 
electron beam transmission film shown in the embodiment depicted in FIG. 1. FIG. 5 is a 
longitudinal sectional view of a fourth embodiment of the present invention, and here 
15 reinforcing mesh 5 was formed on top of the electron beam transmission film comprising 
diamond-like carbon film 2 formed on top of mesh-like support body 4. By using mesh-like 
support body 4 and reinforcing mesh 5, it becomes possible to make the electron beam 
transmission film even thinner and to recover a greater portion of the electron beam from the 
window. 

20 FIG. 6 gives an example of the process of fabricating the electron beam transmission film 

of the present invention: 

1) Use silicon wafer 6 as the support material for the diamond-like carbon filni. 

2) Form diamond-like carbon film 2 on top of the silicon wafer. 

3) Provide etching mask 7 on the back of silicon wafer 6 by means of photolithography. 
25 4) Etch silicon wafer 6 from the back with 30% aqueous solution of potassium 

hydroxide. 

5) Etch silicon wafer 6 until diamond-like carbon film 2 is reached. 

FIG. 7 is a schematic longitudinal sectional view of a transmission electron microscope in 
which electron beam transmission windows according to the present invention have been 
30 utilised. The electron beam emitted by electron gun 8 is condensed by condenser lens 11, 
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passes through electro^^^m transmission window 15 and emerges from vacuum vessel 9 into 
air. The electron beam passes through specimen 16 under observation, passes through another 
electron beam transmission window 15 and enters vacuum vessel 10. The electron beam is 
magnified and projected onto projection screen 14 by means of objective lens 12 and 
5 projection lens 13. 

FIG. 8 is a schematic longitudinal sectional view of a reflection electron microscope in 
which an electron beam transmission window according to the present invention has been 
utilised. The electron beam emitted by electron gun 8 passes through electron beam 
transmission film 15 and irradiates specimen 16 under observation, by way of condenser lens 
10 18, scanning coil 20 and projection lens 19. The electron beam that is reflected from the 
specimen passes again through electron beam transmission window 15, thereby entering 
vacuum vessel 1 7 and being detected by detector 21. 

Note that as regards equipment that utilises electron beams, the use of an electron beam 
transmission window is not restricted to the way in which it is used in the above-mentioned 
15 electron microscopes. Namely, the specimen can alternatively be enclosed in an hermetically 
sealed container, and an electron beam transmission window provided and used in a vacuum. 

Advantageous effects of the invention 

The present invention enables an electron beam transmission window with high electron 
beam transmittance and high mechanical strength to be obtained, and hence utilisation of 

20 electron beams - which has hitherto been restricted to high vacuum environments - becomes 
possible in air as well, by passing the electron beam through the electron beam transmission 
window. As a result, it is possible to deal satisfactorily with specimens that cannot be directly 
exposed to a vacuum. The present invention can therefore contribute to the ongoing 
development of fields such as medicine and biotechnology, where observations of intact 

25 biological microstructures are required. 

4. Brief Description of the Drawings 

FIG. 1 is a longitudinal sectional view of a first embodiment of the present invention. 
FIG. 2 is a longitudinal sectional view of a comparison example. 

FIG. 3 is a longitudinal sectional view of a second embodiment of the present invention. 
30 FIG. 4 is a longitudinal sectional view of a third embodiment of the present invention. 

FIG. 5 is a longitudinal sectional view of a fourth embodiment of the present invention. 
FIG. 6 is a longitudinal sectional view giving an example of the process of making the 
electron beam transmission window of the present invention. 
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FIG. 7 is a schemailu longitudinal sectional view showing an example of a transmission 
electron microscope in which electron beam transmission films according to the present 
invention have been utilised. 

FIG. 8 is a schematic longitudinal sectional view showing an example of a reflection 
electron microscope in which an electron beam transmission film according to the present 
invention has been utilised. 

Explanation of referencing numerals for main elements of the invention 



1 support frame 

2 diamond-like carbon film 

3 boron nitride film 

4 mesh-like support fi^me 

5 mesh-like reinforcement 

6 silicon wafer 

7 etching mask 

8 electron gun 

9 first vacuum vessel 

10 second vacuum vessel 

11 condenser lens 



12 objective lens 

13 projection lens 

14 projection screen 

15 electron beam transmission window 

16 specimen under observation 

17 vacuum vessel 

18 condenser lens 

19 projection lens 

20 scanning coil 

21 detector 



FIG. 1 
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FIG. 6 
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FIG. 8 
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